The coal seams of Late Triassic in Chuxiong Mesozoic Basin had experienced two periods of coalification, one occurring at the foreland basin stage, another at the inland rift stage. The two stages were all mainly coalificated by the plutonic metamorphism. The results show that the same trend as high level in the west and north, low in the east and south. Through analyzing the oil-gas characteristics controlled by coalification, we consider the coalification of the later stage had an important significance to oil-gas exploration because of its later hydrocarbon-generation, greater evolutionary amplitude and deeper hydrocarbon-generation intensity.
Introduction
Chuxiong basin locates in the middle of Yunnan province which is a relatively large basin in the southwest edge of Yangtze platform. It occupies 36500 km 2 , and it is bounded by Yuanmou-Green River fracture in the east, Chenghai-Binchuan fracture in the west, while Red river fracture and orogenic belt of Mountain Ailao in the southwest. So its overall pattern is an upside-down triangle which is wide in the north and narrow in the south (Fig.  1) .
Chuxiong Mesozoic basin is on the edge of Yangtze plate-southern part of the famous Panxi Valley. It is a foreland basin which is stacked on a complicated basement structure. Therefore, after a long-time and complicated geological evolution, a thick coal stratum is formed in the basin which becomes an important coal base in southwest China. The study areas are influenced by the plate's opening and closing during different periods, and the coal bed undergoes a complex coalification under the influence of a complicated regional tectonic-thermal history. However, research on the relationship between coalification under the control of structure and oil-gas generation is insufficient. So taking Chuxiong basin, as an example, beginning with the tectonic evolution, we take thermal evolution history as the clue, analyzed Oil-gas characteristics controlled by coalificationsin in Upper Triassic. It provides kinds of proof to improve the coalification theory in China and to guide fossil energy exploration in Chuxiong basin. 
J i a n g n a n e a r t h a x i s N a n h u a 
History of seam occurrence
The coal seams of Late Triassic in Chuxiong Basin underwent a series of tectonization during the periods of Indo-China, Yan Mountain and Himalaya since its deposition. And different phase has radically different kinds of deposition. According to tectonic subsidence and deposition, this paper divides history of seam occurrence into two stages in Chuxiong basin, they are growing stage of foreland basin at an early time (Late Triassic epoch or Late Jurassic epoch), and inland fault basin stage at the later period(early cretaceous epoch or Neogene period). Deposition thickness and erosion thickness are shown in Table 1 in different areas in Chuxiong basin during different geological stages.
There are some differences between east-west and north-south in the basin which can be seen in the tectonic subsidence and the total deposition. The west and the north (Fig. 2(a) , (b)) are bigger, and the middle and east (Fig.  2(c), (d) ) are smaller. All of the above imply that east and south of the basin are relatively stable and the basin is formed on the basis of this stable land.
Tectonic subsidence of the basin was obviously in the middle and late part of the growing age (Jurassic-Early Cretaceous) (Fig. 2) , and the basin came to a slow and stable settlement stage. This phenomenon seemingly signifies that altitude difference between provenance and deposition is smaller than before, and no deposition with edges can be seen in the basin, which indicates that the distribution of broad continental basins is much more extensive than Chuxiong basin. Obviously, Chuxiong basin changes from a foreland basin into a depressed intercontinental basin. In the East the basin experienced a clear change in Late Cretaceous which can be seen in the figure: tectonic subsidence curve became steep suddenly in the background of gentle change (between 95-65 Ma), (Fig 2(c) ). Although the slope is not abrupt, it reflects that the structure of east in the basin changes a lot since Early Cretaceous to Late Cretaceous which was in accordance with the nappe thrust westward activities in the east basin. This results from tectonization and results in alluvial fan conglomerate in the east basin during the Late Cretaceous. Therefore, tectonic subsidence rate is not possibly relevant to scale of thrusting and rigidity of the base. Changes in the west basin are not clear, curve of structure continues to drop, but rate of the deposition is clearly great. Northern basin is among those other three parts.
History of coalification
Since Late Triassic coal-bearing strata is formed, due to construction-buried and construction-heat, the heating process of those organisms are different in different basins. So the heating process becomes complicated which finally influences the process of organic coalification, so coalification becomes distinctive in different areas.
Controlled by tectonic development, coalification in Chuxiong basin can be divided into three evolution models (Fig. 2) . Taking the east part as an example, in the development stage of the foreland basin, the rate of deposition is relatively slow and the coal-bearing strata is firstly buried, so a Late Triassic of 4000 m is generated. At that time, the palaeothermal gradient is about 18.6 °C/Km, the heating temperature of the coal-bearing strata reaches to 145 °C, so a coalification happened. The maturity of organic matters reaches to 0.73% R0, and the coal rank came to gas coal (Fig. 3) .
In the Yanshan medium-term, the regional tectonic conversion happened, the crust in this area was uplifted and it has a denudation of about 1000 m. Then Chuxiong basin changed to the stage of inland faulted basin, and the Late Triassic coal measures are deepened. At the end of Yanshan period, the bottom of the coal-bearing strata is deeper than 5000 m. In Himalaya period, the scope of deposition shrunk, but in some areas Tertiary deposition was up to 1200 m and makes the depth of coal measures to the maximum in the geological evolution history which is 6500 m. At this time coalification was deepened, the coal rank came to coking coal (Fig. 3) . Like the eastern areas, the other three parts are also under the control of tectonic development, which can be divided into three stages. During the stage of foreland basin development, these three areas generated a Jurassic above the Late Triassic. So the coal seams experienced a process of coalification, and the coal rank came to fat coal, gas coal and fat coal respectively. After the regional tectonic conversion in the medium-term of Yanshan period, the coal-bearing strata is deepened again, and it reached to 5000 m in the south, 9000 m in the north and 8000 m in the west. According to the files of EASYRo% inversion and the regional coal vitrinite reflectance, the heating temperature of the coal bed is 192 °C, 228 °C and 237 °C, and the coal rank came to anthracite coal (Fig. 4) .
Generally speaking, due to the phased development of tectonic evolution, coal measure is obvious differentiation among different regions in Chuxiong basin in Late Triassic. Meanwhile, tectonic patterns also influenced the characteristics of geothermal field, which results in the diversity of bury and heating effect in different coal bed in different regions, and it determined the process of coalification in the coal bed. So, we can see that the coal seam experienced two major tectonic buries, which lead to two phase of coalification. The main type of coal metamorphism belongs to katogenic metamorphism which happened during the foreland basin period and inland faulted basin period respectively.
What should be noted that Chuxiong basin is once stricken by lava, and strike-slip has a superposition to the coal metamorphism in some areas during Himalaya period, but there is litter influence to the basin.
Distribution characteristics of oil-gas

Development stage of foreland basin
In the stage of foreland basin, Late Triassic coal measures were continually buried, and the heating temperature was higher and higher. Controlled by tectonic bury and tectonic thermal differentiation, coal measure strata was differentiated inside the basin, so a coalification happened. In a word, the maturity rate of organic matters became lower and lower from west to the east, so the isoline of maturity rate is a north-south line. The rank of the coal changes from brown coal to fat coal and the maximum maturity rate is higher than 1.0%R0 which mainly distributed in the third district with a north-east direction (Fig. 5) . Due to the obvious regional differentiation of Late Triassic coal measures' coalification, the relative hydrocarbon density is diverse, and the maximum one is more than 70 mg/g (the hydrocarbon volume in every gram of organic matter), which is mainly in the north and west areas of the basin. 
Development stage of inland faulted basin
After the foreland basin stage, crust was uplifted, strata were denuded in various degrees inside the Chuxiong basin, and the coalification of Late Triassic ended up. Then it came to the phase of inland faulted basin, the crust sunk again, but the diversity of deposition was still in existence. So the coal measures were buried underneath again, then the heating temperature increases gradually which at last surpass that of the foreland basin stage. Another coalification in the coal measure happened, but due to the differentiation of the heating temperature, difference of the effect of coalification is great. Generally speaking, the maturity rate of organic matters is high in the west and low in the east with a high regularity. Isoline of the coal measures' organic maturity is in a direction of SE-NW, and almost all the coal seams has reached to coking coal, and the western area even comes to the anthracite coal. The maximum maturity rate is above 3.5%R0 of which mainly distribute on the east side of Ailao Mountain in a NW direction (Fig. 6(a) ). Because Late Triassic coal measure is a kind of second coalification, and the hydrocarbon volume of organic matters is not the same as that of the first coalification (Qin, 2001) . By using the second hydrocardon volume, we can calculate the relative volume of the current phase, so the relative hydrocarbon density also has a great differentiation, and the maximum one is over 160 mg/g, of which mainly distribute in the north and west (Fig. 6(b) ).
Conclusion
The research shows that multiple sets of hydrocarbon source rocks with multiple sets of reservoir-cap structure have been generated since the Late Triassic in Chuxiong basin. Upper Triassic coal-bearing strata are the most important hydrocarbon source rocks inside the basin. This set of hydrocarbon source rock experience two periods of coalification, which results in two evolution of hydrocarbon generation in the deposited organic matters. The first one happened during the foreland basin stage, and the maximum maturity rate is above 1.0% R0. The organic matters experience a comprehensive hydrocarbon generation, especially in the west and south, the relative hydrocarbon volume is greater. But the second generation process forms the oil-gas earlier, and is stricken by various kinds of erosion after the foreland basin stage, and is altered by diversified tectonic patterns. Therefore, there's no possibility to maintain the oil-gas generated at this time.
The hydrocarbon generation process happened, generated a large amount of hydrocarbon during Himalaya period, but the heating temperature is too high. Kerogen III is in charge of generating gas in the coal-bearing strata, so gas can be generated under suitable storage situation. Especially in the west and north of the basin, the depth of Upper Triassic is stable and lightly influenced by strike-slip. It is possible to realize a breakthrough of oil-gas exploration in Chuxiong basin, such as Yanfeng district, Yongren district and Yunlong district in the middle and northern areas of the basin.
